Experimental results on collision energy dependence of relevant hadron production properties are discussed. It is argued that the mixed phase consisting of confined and deconfined matter is created in central Pb+Pb (Au+Au) collisions between ≈ 8 and ≈ 12 GeV center-of-mass energy of a nucleon-nucleon pair.
Introduction
The search for the beginning of creation of a deconfined state of strongly interacting matter produced in nucleus-nucleus collisions (the onset of deconfinement) started 20 years ago [1] . A number of signals have been proposed, for review see Ref. [2] , and five of them were observed experimentally at low energies of the CERN Super Proton Synchrotron [3, 4] . Today, the relevant data are rich enough to ask the question: at which collision energy does the mixed phase region start and how far does it extend? A semiquantitative anlysis of the results presented here indicates that the mixed phase energy domain in central Pb+Pb (Au+Au) collisions ranges between ≈ 8 and ≈ 12 GeV center-of-mass energy of as nucleon-nucleon pair.
This paper is based on the talk presented at the 54. Cracow School of Theoretical Physics, "QCD Meets Experiment".
The basic ideas
The search for phase transitions in strongly interacting matter resembles the procedure used to measure the heating curve of water shown in Fig. 1 . But instead of measuring the water temperature as a function of heat added, one measures relevant properties of hadrons produced in nucleus-nucleus collisions as a function of collision energy -the heating curves of strongly interacting matter.
The basic idea Heating curve of water → Strongly interacting matter Fig. 1 . Analogy between the heating curve of water and heating curves of strongly interacting matter measured via hadron production in heavy ion collisions.
The studies of A+A collisions are based on the following assumptions:
-System close to equilibrium is created at the early stage of collision.
-Its energy density, ε, increases monotonically with increasing collision energy, √ s N N .
-In central Pb+Pb collisions, the system is large enough to model single particle production properties using the grand canonical ensemble.
The experimental procedure to measure the heating curves of strongly interacting matter (Fig. 1 ) makes sense because rich data on nucleus-nucleus collisions are in agreement with models based on the above three assumptions, for review see Ref. [5] .
Furthermore one assumes:
-At high enough energy density state of created matter changes ("onset of deconfinement").
-The change can be modelled by the first order phase transition.
Hence, there are two energies to be measured:
-The beginning of the mixed phase, onset of deconfinement (OD).
-The end of the mixed phase, the softest point (SP).
Thus, by measuring the heating curves of strongly interacting matter, one can test assumptions on the existence and nature of phase transitions.
In particular, the Statistical Model of the Early Stage (SMES) [6] of nucleus-nucleus collisions predicts the dependence of the initial matter temperature on collision energy which is qualitatively identical to the corresponding heating curve of water, see 
-------------------------------
The mixed phase energy range: 
Onset of deconfinement: experimental evidence
The first two signals of the onset of deconfinement predicted [6] and experimentally observed [3, 4] concern mean multiplicities of pions and kaons. The horn structure (the left plot in Fig. 3 ) is seen in collision energy dependence of the K + / π + ratio, whereas the kink structure (the right plot in Fig. 3 ) appears in the energy dependence of π / N W ratio. Here, π stands for all pions, N W for the number of wounded nucleons and F is the Fermi measure of collision energy [7, 8] . The data on central Pb+Pb and Au+Au collisions are plotted together. The horn structure is visible directly from the data. The kink can be only identified relatively to the model reference -the straight line predicted by the Fermi-Landau model [7, 9] . The next three signals of the onset of deconfinement concern single particle momentum spectra. The step structure [10] (the left plot in Fig. 4 ) is observed in collision energy dependence of the inverse slope parameter T of transverse mass spectra. The dale structure [11] (the middle plot in Fig. 4 ) appears in the energy dependence of the width of rapidity distribution. And the dip structure [12, 13] (the right plot in Fig. 4 ) refers to the energy dependence of a specific property of azimuthal angle distribution [14] . The data on central Pb+Pb and Au+Au collisions are plotted together. The step and dip structures are visible directly from the data. The dale can be only identified relatively to the model reference -a prediction of the Landau model [9] .
Single particle spectra:
The dale (y) The dip (φ)
Data-based [10] Data/model-based [11] Data-based [12, 13] Fig. 4 . Experimental evidence for the onset of deconfinement in single particle momentum spectra: inverse slope parameter T of transverse mass spectra (left), energy dependence of the width of rapidity distribution (middle), specific property of azimuthal angle distribution [14] (right) plotted as functions of collision energy per nucleon pair.
It is easy to understand why the above "2+3" signals of the onset of deconfinement related to single particle properties were proposed and observed:
two "material" signals:
| ⇐ entropy and strangeness kink + horn two matter properties sensitive to its state three "motional" signals: | ⇐ three components of step + dale + dip momentum vector
The mixed phase region

The mixed phase region: the horn
The energy dependence of the strangeness to entropy ratio (the left plot in Fig. 5 ) was predicted [6] to have a sharp maximum at the beginning of the mixed phase region, the onset of deconfinement. The ratio is approximately proportional to the K + /π + ratio [2] . Thus, the collision energy at which the K + /π + ratio has the maximum (the horn, Fig. 5) gives the first estimate of the onset of deconfinement energy. The predicted change at the softest point is less spectacular, and, therefore, a quantitative analysis is needed to estimate the softest point energy. 
The mixed phase region: the kink
The energy dependence of the entropy per wounded nucleon (the left plot in Fig. 6 ) was predicted [6] to increase its slope at the beginning of the mixed phase region. The entropy per wounded nucleon is approximately proportional to the π / N W ratio (see Fig. 3 ). Thus, the collision energy at which the slope starts to increase (the kink) allows to estimate the energy of the onset of deconfinement [4] . Again, the predicted change at the softest point is less spectacular and, therefore, a quantitative analysis is needed to estimate the softest point energy. 
The mixed phase region: the step
The energy dependence of the early stage temperature and the pressure to energy density ratio (the left plots in Fig. 7 ) was predicted [6] to change significantly twice, at the beginning and at the end of the mixed phase region. The inverse slope parameter of transverse mass spectra of kaons is sensitive to these changes [10] . Thus, the collision energy range at which the T parameter dependence reveals the changes (the step, right plot in Fig. 7 ) allows to estimate both the OD and SP energies. 
The mixed phase region: the dale
The energy dependence of the pressure to energy density ratio (the left plot in Fig. 8 ) was predicted to change significantly twice, at the beginning and at the end of the mixed phase region. The width of pion rapidity distribution is expected to be sensitive to these changes [11] . Its energy dependence relative to the approximate prediction [15] of the Landau model [9] shows a minimum which can be identified with the softest point. This is shown in the right plot of Fig. 8 . The change due to the onset of deconfinement is not observed. 
The mixed phase region: the dip
The energy dependence of the properties of azimuthal angle distribution (the left plot in Fig 9) was predicted to have a sharp minimum at the end of the mixed phase region [12] . The data show a weak minimum -as shown in the right plot of Fig 9 - which can be identified with the softest point. 
Summary and conclusions
Estimates of the onset of deconfinement energy and the energy of the softest point extracted from the data discussed in the previous section are summarized in Table I . One can conclude that the onset of deconfinement energy is about 8 GeV and the softest point energy is about 12 GeV as illustrated schematically below. As required by the model used in data analysis, the onset of deconfinement energy is smaller that the softest point one: 
